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The present invention discloses a SMPS. The SMPS com 
prises an output port, configured to Supply a load; a control 
signal generator, having an input and an output configured to 
provide a first control signal; a first Switch configured to 
receive the first control signal and regulate the Voltage at the 
output port; and a ramp signal generator, comprising an input 
and an output, wherein the input is configured to receive the 
control signal and the output is configured to provide a current 
signal simulating an output signal at the output port, and 
wherein the output of the ramp signal generator is further 
coupled to the input of the means for generating control 
signal. 
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SWITCHING-MODE POWER SUPPLY WITH 
RPPLE MODE CONTROLAND ASSOCATED 

METHODS 

TECHNICAL FIELD 

0001. The present invention generally relates to switch 
ing-mode power Supplies, and more particularly but not 
exclusively relates to buck converters with ripple mode con 
trol. 

BACKGROUND 

0002 Switching-mode power supply (SMPS) is widely 
used to convert one Voltage into another Voltage which Sup 
plies a load. ASMPS contains a main switch and by control 
ling the Switching action of the main Switch, the output Volt 
age can be regulated at a desired level. 
0003. A Buck converter is one type of SMPS which con 
verts a Direct Current (DC) input voltage into a lower DC 
output Voltage. FIG. 1 shows a schematic diagram of a buck 
converter 100 as a prior art. The buck converter 100 comprises 
a controller 11, a main Switch M, an inductor Land an output 
capacitor C. The main switch M of buck converter 100 is 
regulated by a pulse width modulation (PWM) driving signal 
generated by the controller 11, and accordingly, the output 
voltage V of the buck converter is regulated. When load 12 
varies, the output Voltage V is disturbed and by sensing the 
output Voltage Vout and offering an output feedback signal 
FB to controller 11, the duty cycle of the PWM signal is 
adjusted and V is regulated to the desired level. 
0004 Ripple mode control is one type of control method 
for SMPS which controls the main switch based on a ripple 
component of the output voltage. For buck converter 100, 
since the main switch M is controlled by the PWM signal, the 
buck converter will generate a ripple current IL flowing 
through output inductor L. This ripple current will further 
generate a ripple component of V, due principally to the 
equivalent series resistance (ESR) of output capacitor C. The 
ripple component of V equals IL*RESR. When V with 
ripple component is lower than a reference Voltage, main 
switch M is turned on. To achieve stable control, a large ripple 
component is needed. However, it is not expected because an 
output Voltage with ripple component will affect the working 
of load 12. And further, a large ripple component requires a 
large ESR and the power efficiency decreases. Thus, a small 
ESR is desired and additional circuit is required to generate a 
ramp Voltage signal similar to inductor current IL. 
0005. A compensation circuit 21 is disclosed for ripple 
mode control in FIG. 2. The compensation circuit 21 com 
prises a resistor R1 and a capacitor C1 coupled to two ends of 
output inductor L. Compensation circuit 21 generates a ramp 
voltage signal V, similar to the shape of the output induc 
tor current IL. However, when this compensation circuit 21 is 
an external circuit adopting discrete components, the compo 
nents will consume a large space and the cost will increase. In 
Some applications, this compensation circuit 21 is integrated 
with the control signal generator 22 in a die. However, when 
the compensation circuit 21 is built in the semiconductor die, 
the values of R and C are fixed and the slope of the generated 
ramp Voltage signal can not be adjusted and thus can not be 
adapted to the various applications. 
0006. Accordingly, an improved method of generating 
ramp signal for ripple mode control is desired to at least 
overcome part of the above mentioned deficiencies. 
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SUMMARY 

0007. One embodiment of the present invention discloses 
a Switching-mode power Supply. This power Supply may 
comprise an output port, a control signal generator, a first 
Switch and a ramp signal generator. Wherein the output port 
may be configured to Supply a load. The control signal gen 
erator may comprise an input and an output, wherein the 
output may be configured to provide a first control signal. The 
first switch may be configured to receive the first control 
signal and regulate the Voltage at the output port. The ramp 
signal generator may comprise an input and an output 
wherein the input may be configured to receive the control 
signal, the output may be configured to provide a current 
signal simulating an output signal at the output port and 
wherein the output of the ramp signal generator is further 
coupled to the input of the control signal generator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. Non-limiting and non-exhaustive embodiments are 
described with reference to the following drawings. The 
drawings are only for illustration purpose. Usually, the draw 
ings only show part of the system or circuit of the embodi 
mentS. 

0009 FIG. 1 shows a schematic diagram of a buck con 
Verter as a prior art. 
0010 FIG. 2 shows a buck converter with a compensation 
circuit as a prior art. 
0011 FIG. 3A illustrates a schematic block diagram of a 
SMPS system according to an embodiment of the present 
invention. 

(0012 FIG. 3B illustrates a block diagram of a SMPS sys 
tem having a separate resistor module according to an 
embodiment of the present invention. 
0013 FIG. 4 illustrates a buck converter system according 
to an embodiment of the present invention. 
(0014 FIG. 5 illustrates a SMPS system with a specific 
ramp signal generator according to an embodiment of the 
present invention. 
0015 FIG. 6A illustrates waveforms of a plurality of sig 
nals of a SMPS system during a continuous current mode 
(CCM), according to an embodiment of the present invention. 
0016 FIG. 6B illustrates waveforms of a plurality of sig 
nals of a SMPS system during a discontinuous current mode 
(DCM) according to an embodiment of the present invention. 
0017 FIG.7 illustrates a current converter of a ramp signal 
generator according to an embodiment of the present inven 
tion. 

0018 FIG. 8 illustrates a driving circuit according to an 
embodiment of the present invention. 
(0019 FIG. 9 illustrates another SMPS system where an 
error amplifier is adopted according to an embodiment of the 
present invention. 
0020 FIG. 10 illustrates a ramp signal generator accord 
ing to another embodiment of the present invention. 
(0021 FIG. 11 illustrates a method of controlling a SMPS 
according to an embodiment of the present invention. 
0022 FIG. 12 illustrates a method of generating a current 
signal according to an embodiment of the present invention. 
0023 The use of the same reference label in different 
drawings indicates the same or like components. 
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DETAILED DESCRIPTION 

0024. Reference will now be made in detail to the pre 
ferred embodiments of the invention, examples of which are 
illustrated in the accompanying drawings. While the inven 
tion will be described in conjunction with the preferred 
embodiments, it will be understood that they are not intended 
to limit the invention to these embodiments. On the contrary, 
the invention is intended to cover alternatives, modifications 
and equivalents, which may be included within the spirit and 
Scope of the invention as defined by the appended claims. 
Furthermore, in the following detailed description of the 
present invention, numerous specific details are set forth in 
order to provide a thorough understanding of the present 
invention. However, it will be obvious to one of ordinary skill 
in the art that the present invention may be practiced without 
these specific details. In other instances, well-known meth 
ods, procedures, components, and circuits have not been 
described in detailso as not to unnecessarily obscure aspects 
of the present invention. 
0025 FIG. 3A illustrates a schematic block diagram of a 
SMPS system 300 according to an embodiment of the present 
invention. System 300 comprises a switching circuit 31 and a 
controller 32 for controlling the switching circuit 31. The 
Switching circuit 31 comprises a main Switch Mandan output 
port OUT. The switching circuit 31 outputs a voltage V at 
the output port OUT to supply a load 33. In one embodiment, 
the Switching circuit 31 is a buck converter comprising a main 
Switch M, a rectifier, an output inductor and an output capaci 
tor coupled in a configuration as shown in FIG. 1A and FIG. 
2. Where the main switch M is controlled by the controller 32 
and Switches to regulate the output Voltage V. In other 
embodiments, the switching circuit 31 may be other types of 
converters such as boost converter or buck-boost converter. 
Signal FB representing the output voltage V is fed back to 
the controller 32 for generating a duty cycle control signal 
PWM. In one embodiment, the feedback signal FB is gener 
ated by a feedback circuit 34 from sensing the output voltage 
V at the output port OUT. In another embodiment, the 
feedback signal FB directly equals the value of the output 
Voltage V. 
0026 Continuing with FIG. 3A, the controller 32 com 
prises a ramp signal generator 321 and a control signal gen 
erator 322. The control signal generator 322 has an input 3221 
configured to receive a ramp signal V, and has an output 
3222 configured to provide the control signal PWM. The 
control signal PWM is generated partly based on the ramp 
voltage signal V. The control signal generator 322 further 
is configured to receive the feedback signal FB for generating 
the control signal PWM. In one embodiment, the main switch 
M receives control signal PWM and regulates voltage V at 
the output port OUT. The ramp signal generator 321 is used 
for slope compensation in ripple mode control. The ramp 
signal generator 321 generates a ramp current signal I, and 
is converted into a ramp voltage signal V, by a resistor 
module 35. The ramp Voltage signal V, is added to the 
feedback signal FB(V+VFB) for generating the control 
signal PWM. In one embodiment, when the summed voltage 
V+VFB is lower than a threshold, the PWM is set HIGH 
tO tGF on main switch M. The PWM signal remains HIGH for 
a constant on time period, and after the constant on time 
period, the PWM signal turns LOW. And when V+VFB is 
lower than the threshold, the PWM is set HIGH again for 
another cycle. The ramp signal generator 321 comprises an 
input terminal 3211 and an output terminal 3212. The input 

Apr. 25, 2013 

terminal 3211 is configured to receive the duty cycle control 
signal PWM. And at least partly based on PWM, the ramp 
signal generator 32 generates the current signal I, at the 
output terminal 3212. The current signal I, simulates at 
least a period of an output signal for catching the point to start 
a cycle of Switching. The output signal can be but not exclu 
sively include the output Voltage or the output current. In one 
embodiment, the ramp current signal I, simulates the cur 
rent flowing through the output inductor during the period 
when the output inductor current is decreasing. In one 
embodiment, I, simulates the output voltage V, during 
the period when V is decreasing. 
10027 Continuing with FIG.3A, the current signal I, is 
converted into the ramp voltage signal V, by a resistor 
module 35. The resistor module 35 has an equivalent resis 
tance value R, and the ramp Voltage signal has an equation of 
V.I.R. If a higher slope of a ramp Voltage signal is 
required, a larger resistance of the resistor module can be 
selected. And if a lower slope of a ramp signal is required, a 
smaller resistance can be selected. The resistor module 35 is 
external to the controller 32. Accordingly, the slope of the 
ramp Voltage signal can be adjusted externally. 
0028. In one embodiment with reference to FIG. 4, no 
separate resistor module exists and the resistor module shares 
the components of a feedback circuit 44. And accordingly, a 
ramp Voltage signal does not actually separately exist and is 
combined with a feedback signal of an output Voltage V. 
0029. In another embodiment with reference to FIG. 3B, 
the resistor module 352 is a separate circuit or component(s), 
and the ramp voltage signal V, is coupled directly to one 
input 3221B of the control signal generator 322B while a 
feedback signal FB of an output Voltage V is coupled to 
another input 3223 of the control signal generator 322B. In 
FIG. 3B, the separate resistor module 352 comprises a resis 
tor 3521. 

0030 FIG. 4 illustrates a buck converter system 400 
according to an embodiment of the present invention. The 
buck converter system 400 comprises a switching circuit 41, 
a controller 42 and a feedback circuit 44. The switching 
circuit 41 is a Switching-mode buck converter, comprising a 
main switch M1, a rectifying switch M2, an output inductor 
L., an output capacitor C and an output port OUT. The output 
Voltage V at the output port OUT is used to Supply a load 
33. The main switch M1 is coupled to a first control signal 
PWM and regulates the output voltage V at the output Port 
OUT. The synchronous rectifier M2 is coupled to a second 
control signal LSG. In one embodiment, the second control 
signal LSG is a complementary signal of the first control 
signal PWM. A gate driver circuit may be applied before 
switches M1 and M2 to pull up the first control signal PWM 
and the second control signal LSG to suitable values for 
controlling Switches M1 and M2. The control signal genera 
tor 422 may also comprise a dead time circuit to add a dead 
time when the status of the first control signal PWM or the 
second control signal LSG changes. Under the control of 
control signals PWM and LSG generated by controller 42, 
power switches M1 and M2 perform switching actions. And 
by controlling the duty cycle of the control signals PWM and 
LSG, the output voltage V at the output port OUT is regu 
lated. The rectifier M2 in the shown embodiment is a syn 
chronous rectifier, and both the main switch M1 and the 
rectifier M2 are metal oxide semiconductor field effect tran 
sistors (MOSFETs). However, in some embodiments, the 
rectifier can also be a non-synchronous diode. In the shown 
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embodiment, the controller 42 is fabricated in a semiconduc 
tor die. In another embodiment, the controller 42 and the main 
switch M1 are fabricated in a semiconductor die. And in yet 
another embodiment, the controller 42, the main switch M1 
and the Synchronous rectifier are fabricated in a semiconduc 
tor die. 

0031 Continuing with FIG.4, the controller 42 comprises 
a ramp signal generator 421 and a control signal generator 
422. The control signal generator 422 generates the first con 
trol signal PWM and the second control signal LSG. In the 
embodiment of non-synchronous converter applications, the 
control signal generator 422 generates only the first control 
signal PWM. The control signal generator 422 further com 
prises a driving circuit 4221 and a comparator 4222. The 
comparator 4222 comprises a non-inverting input coupled to 
a reference Voltage V, an inverting input coupled to the 
output 443 of the feedback circuit 44, and an output Supplying 
a signal V1 to the driving circuit 4221. The comparator com 
pares the voltage V, at the output 443 of the feedback signal 
with the reference voltage V. When V, is lower than V, 
the output signal V1 of the comparator 4222 is set logic 
HIGH. And when V, is high than V, the output signal V1 of 
the comparator 4222 is logic LOW. The feedback signal V, 
has been compensated with a ramp Voltage signal component 
generated from the ramp current signal I, and the feedback 
circuit 44. 

0032. In one embodiment, the driving circuit 4221 is a 
constant-on-time driving circuit. Once V1 changes from 
LOW to HIGH, signal PWM is set HIGH. Signal PWM 
remains HIGH for a constant time period Ton. And after the 
constant time period, PWM is reset LOW. And PWM will be 
set HIGH until the next time that V1 changes from LOW to 
HIGH. Signal PWM is coupled to the gate of the first switch 
M1. FIG. 8 illustrates a driving circuit 4221 according to an 
embodiment of the present invention. The driving circuit 
comprises a current source 81, a capacitor C3, a comparator 
U2 and an RS flip latch 82. In the shown embodiment, the 
current source 81 comprises a resistor R8 and a switch M8. 
When the voltage V1 turns HIGH, signal PWM is set HIGH. 
Switch M8 turns on for a while to discharge capacitor C8 to 
Zero voltage and comparator U2 output LOW signal. And the 
output offlip latch 82 remains HIGH level. After capacitor C8 
is discharged to zero, switch M8 turns off, and a current 18 
generated by the input voltage V, and resistor R8 charges C8 
and V8 increases. Once V8 is larger than Ref8, U2 outputs 
HIGH signal and flip latch 82 is reset LOW and the main 
switch is turned off. The on time period Ton is determined by 
the current source 81 of system frequency, capacitor C8 and 
reference voltage Rref3. Where current source 81 of system 
frequency can be controlled by resistor R8. In one embodi 
ment, resistor R8 is an external component and the Ton can be 
controlled by changing resistor R8. Accordingly, the system 
frequency is modulated by the external resistor R8. For 
example, a large resistor R8 leads to a low current source 18, 
Ton is prolonged and system frequency is low. 
0033. The ramp signal generator 421 receives the first 
control signal PWM at a first input 4211, receives the second 
control signal LSG at a second input 4212, and generates a 
current signal I, at an output 4213. The current signal I, 
simulates at least a periodofan output signal at the output port 
OUT. In the shown embodiment, the ramp current signal I, 
is supplied to an output 443 of the feedback circuit 44. The 
feedback circuit 44 comprises a first input 441, a second input 
442 and the output 443. The first input 441 is coupled to the 
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output port OUT, the second input 442 is coupled to a refer 
ence ground GND, and the output 443 is coupled to the output 
4213 of ramp signal generator 421 and the inverting input of 
comparator 4222. Inside the feedback circuit 44, the feedback 
circuit 44 comprises a first resistor R1 and a second resistor 
R2 connected in series. Wherein R1 is coupled to the output 
port OUT through the first input 441, and R2 is coupled to the 
reference ground GND through the second input 442. And the 
common end of R1 and R2 comprises the output 443 of the 
feedback circuit 44. In such a configuration, the voltage V, is 
determined by an equation: 

I0034) Thus, V, includes the feedback signal of output 
Voltage V. 

Vout 

and a ramp Voltage signal component of 

R. R. . 
- i. R1 + R. ranp 

Where the equivalent resistance of a resistor module is 

and the resistor module shares the components R and R2 of 
feedback circuit 44. In one embodiment, the current signal 
Iramp has a similar waveform with the current IL flowing 
through the output inductor L at least during the decreasing 
period of IL. Thus, the triggering point for set PWM HIGH 
can be captured once IL is below a predetermined threshold. 
And 

R2. R 
R. R. ramp 

can be used for ripple mode control. 
0035 
signal 

In one embodiment, the level of the ramp voltage 

R2. R 
R1 + R2 ramp 

can be adjusted by selecting the resistance values of RandR 
of the feedback circuit 44. In the shown embodiment, the 
feedback circuit 44 is a voltage divider and the ramp Voltage 
signal can be adjusted by changing the resistance of R and 
the resistance of R with the same proportion. For example, if 
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the ramp Voltage signal V, needs to be doubled into 
2V. R can be changed into 2R and R2 can be changed 
into 2R. That is: 

2R. 2R R2. R 
2R1 + 2R2 tramp Z. R1 + R2 ramp. 

At the meantime, since R and R change with the same 
proportion, the feedback component of the output Voltage 
keeps the same as 

War. 
R1 + R2 (iii 

0036 FIG.5 illustrates a SMPS system 500 with a specific 
ramp signal generator 421 according to an embodiment of the 
present invention. SMPS system 500 comprises a switching 
mode buck converter comprising a main Switch M1, an output 
port OUT, a ramp signal generator 421 and a control signal 
generator 422, with reference to FIG. 4. 
0037. The ramp signal generator 421 comprises a current 
source 5211, a first switch M3, a second switch M4, a capaci 
tor C1 and a current converter 5212. Switch M3 is coupled 
between current source 5211 and a voltage terminal V. 
Switch M3 has its control terminal controlled by the control 
signal LSG. Switch M4 is coupled between terminal V and 
the ground terminal GND. And switch M4 has its control 
terminal controlled by the control signal PWM. Capacitor C1 
is coupled across switch M4. Current converter 5212 is 
coupled to receive the Voltage V, and converts the Voltage V. 
into a current signal I. From the shown indication, ramp 
current signal I, is proportional to V. but has an opposite 
polarity. That is, a positive V value is corresponding to a 
negative I. In the shown embodiment, Switches M3 and 
M4 are MOSFET devices, and either M3 or M4 comprises a 
drain, a source and a gate. Wherein the drain of M3 is coupled 
to the current source 5211, the source of M3 is coupled to the 
terminal V and the gate of M3 is coupled to receive the 
second control signal LSG. The drain of M4 is coupled the 
terminal V, the source of M4 is coupled to the ground termi 
nal GND and the gate of M4 is coupled to receive the first 
control signal PWM. 
0038 Continuing with FIG. 5, in one embodiment, con 

troller 52 further comprises a current mirror 523 coupled 
between a current source 81 of system frequency and the 
current source 5211 of ramp signal generator 421 for gener 
ating current source 5211 from the current source 81 of sys 
tem frequency. The current source 81 is for controlling the 
system frequency and can be controlled by an external resis 
tor R8, referring to FIG. 8 as described above. With the 
current mirror 523, current source 5221 follows the change of 
current source 81 of system frequency. When current source 
81 is large and system frequency is high, current source 5211 
is also large, and V is charged with a high speed, or in other 
words, the slope of signal V is high. Accordingly, the ramp 
voltage signal I*R has a high slope and is accommodated 
to the high system frequency. And when system frequency is 
low, the slope of ramp Voltage signal I*R is low and the 
ramp Voltage signal can also be accommodated to the low 
system frequency. 
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0039 FIG. 6A illustrates the waveforms of a plurality of 
signals to describe the function of a ramp signal generator 
during the continuous current mode (CCM) according to an 
embodiment of the present invention. The waveforms repre 
sent the first control signal PWM, the second control signal 
LSG, the inductor current IL, the voltage V and the ramp 
current signal I, sequentially. Now the function of a ramp 
signal generator will be described with reference to FIG. 5. 
When PWM turns HIGH and LSG is LOW at time t1, 
switches M1 and M4 turn on, and switches M2 and M3 turn 
off. Accordingly, inductor current IL increases and mean 
while capacitor C1 is discharged and V-0. Since the ramp 
current signal I, is proportional to V, but has an opposite 
polarity, I-0. When LSG turns HIGH and PWM is LOW 
at time t2, switches M1 and M4 turn off, and M2 and M3 turns 
on. Accordingly, inductor current IL decreases and current 
source 5211 charges capacitor C1. Thus V, increases and 
I, decreases accordingly. During the period between t2 
and t3. It has negative value. It means that the ramp current 
I, flows from the external resistor module to the ramp 
signal generator 421. I, decreases until signal LSG is set 
LOW again at time t3. In this way, during the time period 
between time t2 and t3. It has the same shape with the 
waveform of IL, or in other words, the ramp current signal 
I, simulates the inductor output current IL during the 
period when PWM is LOW and LSG are HIGH. In one 
embodiment, a dead time is adopted between LSG set LOW 
and PWM set HIGH, and between PWM set LOW and LSG 
set HIGH to avoid switching confliction. 
0040 FIG. 6B illustrates the waveforms of a plurality of 
signals to describe the function of a ramp signal generator 
during the discontinuous current mode (DCM) according to 
an embodiment of the present invention. The function of a 
ramp signal generator during DCM mode of a SMPS system 
will be described with reference to FIG. 5. At time t1, PWM 
turns HIGH and LSG is LOW. As described above, during the 
time period between tl and t2, IL increases and I, equals 
Zero. At time t2, LSG turns HIGH and PWM is LOW. As 
described above, during the time period between time t2 and 
t3, IL decreases and I, decreases accordingly. At time t3. 
IL decreases to Zero and LSG is set LOW. Switches M3 and 
M4 turn off. And no current charges capacitor C1 and V. 
holds on. V remains until the next pulse width modulation 
period comes when PWM turns HIGH again. Accordingly, 
the ramp current signal also holds on which will not 
decreases. Thus, the ramp current signal is similar to and can 
simulate the output inductor current IL during the period 
between t2 and tá and can be used for ripple mode control. 
004.1 FIG. 7 illustrates a current converter 5212 of a ramp 
signal generator according to an embodiment of the present 
invention. Current converter 5212 comprises an operational 
amplifier 71, a resistor R7 and a transistor M7. Operational 
amplifier 71 comprises a first input 711 coupled to receive 
voltage V, a second input 712 and an output end 713. Resis 
tor R7 has a first end 721 coupled to the ground and a second 
end 722 coupled to the second input 712 of amplifier 71. 
Transistor M7 comprises a control terminal coupled to the 
output 713 of the operational amplifier 71, a first output 
terminal 731 coupled to the second end 722 of resistor R7 and 
a second output terminal 732 coupled to the output 4213 of 
the ramp signal generator. In one embodiment, transistor M7 
is a MOSFET. The resistance of transistor M7 is modulated 
by the output 713 of amplifier 71. Ideally, the voltage at the 
second input 712 of amplifier 71 equals V at the first input 
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711 of amplifier 71 and no current flows through the input 
712. Accordingly, the voltage drop across resistor R7 equals 
V, and the ramp current signal is: 

In the shown embodiment, output 70 of the ramp signal gen 
erator 5212 is coupled to the feedback circuit 44 to combine 
the ramp Voltage signal and the output Voltage feedback sig 
nal together as a ripple mode feedback voltage V, wherein 

R2 R. R. V 
vii = R. R. 'out R1 + R2 R7 

0042 FIG. 9 illustrates another SMPS 900 with ripple 
mode control where an error amplifier 91 is adopted accord 
ing to an embodiment of the present invention. The control 
signal generator 922 comprises an error amplifier 91, an adder 
92, a comparator 4222 and a driving circuit 4221. SMPS 900 
adopts a discrete resistor module 35 for converting the ramp 
current signal I, into a ramp Voltage signal V... The 
output of feedback circuit 44 is coupled to a non-inverting 
input of error amplifier 91. And the feedback signal V, of the 
output voltage V is compared to a reference Vref9 and the 
difference between V, and V, is amplified by error ampli 
fier 91. Error amplifier 91 outputs an error signal ERR. The 
ramp Voltage signal V, is added to signal ERR by the adder 
92 for ripple mode control. The output of adder 92 is com 
pared with a reference V, by comparator 4222. 
0043 FIG.10 illustrates another embodiment of ramp sig 
nal generator 1000. Ramp signal generator 1000 is the same 
as ramp signal generator 421 shown in FIG. 5, except that 
ramp signal generator 1000 further comprises an OR gate 
110. The first control signal PWM is supplied to the gate of 
switch M3 and one input of OR gate 110. The second control 
signal LSG is supplied to another input of OR gate 110. The 
output of OR gate 110 is supplied to the gate of switch M3. In 
this configuration, when PWM is logic HIGH and LSG is 
logic LOW, switches M3 and M4 both turn on and current 
source 5212 flows through M3 and M4 to the ground terminal 
GND. Accordingly, V and I are Zero at this period. 
0044 FIG. 11 illustrates a method of ripple mode control 
for controlling a SMPS according to an embodiment of the 
present invention. The method comprises regulating an out 
put voltage of the SMPS by a first duty cycle control signal 
and a second duty cycle control signal in step 111, generating 
a current signal according to the first duty cycle control signal 
and second duty cycle control signal in step 112, converting 
the current signal into a ramp Voltage signal in Step 113 and 
modulating the duty cycle of the control signals according to 
the ramp Voltage signal and an output Voltage feedback signal 
in step 114. In one embodiment, the duty cycle control signals 
are PWM and LSG as shown in FIG. 4. 

0045 FIG. 12 illustrates a method of generating a current 
signal in step 112 according to an embodiment of the present 
invention. Referring to FIG.4, the logic levels of the two duty 
cycle control signals PWM and LSG determine the output 
inductor current IL. During a first period when LSG is HIGH 
and PWM is LOW, the main switch turns off and the synchro 
nous rectifier turns on, IL flows from the output port to the 
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rectifier and IL decreases. When this period is detected in step 
1211, a capacitor is charged with a current source, and the 
Voltage across the capacitor Vincreases in step 1212. In one 
embodiment, the current source is mirrored from a current 
source of system frequency as illustrated above with refer 
ence to FIG.5 and FIG.8. During a second period when PWM 
is HIGH and LSG is LOW, the main Switch turns on and the 
synchronous rectifier turns off, IL increases. And when this 
period is detected in step 1213, the capacitor voltage V is set 
to zero voltage. When the SMPS system works under DCM 
mode, a third period appears. During the third period, when 
IL decreases to Zero voltage, LSG is set LOW. Control signals 
PWM and LSG keep LOW until the next cycle comes. When 
the third period is detected in step 1215. V holds on in step 
1216. The voltage V is then converted into the current signal 
I, where current signal I is proportional to V, but has 
an opposite polarity. 
0046. In one embodiment, the method further comprises 
modulating the ramp Voltage signal by controlling the resis 
tance of the resistor module. Wherein the resistor module 
shares a feedback circuit of the SMPS with reference to FIG. 
4. As illustrate above, the ramp Voltage signal is modulated by 
changing the two resistors of the feedback circuit with the 
same proportion. In this way, the ramp Voltage signal can be 
modulated while the output Voltage feedback signal compo 
nent is not affected. 
0047. While various embodiments have been described 
above, it should be understood that they have been presented 
by way of example only, and not limitation. Thus, the breadth 
and scope of a preferred embodiment should not be limited by 
any of the above-described exemplary embodiments, but 
should be defined only in accordance with the following 
claims and their equivalents. 

I/We claim: 
1. A Switching-mode power Supply (SMPS), comprising: 
an output port configured to Supply a load; 
a control signal generator having an input and an output, 

wherein the output is configured to provide a first control 
signal; 

a first Switch configured to receive the first control signal, 
wherein the first Switch is configured to regulate an 
output Voltage at the output port; and 

a ramp signal generator comprising an input and an output, 
wherein the input of the ramp signal generator is con 
figured to receive the control signal, wherein the output 
of the ramp signal generator is configured to provide a 
current signal in accordance with the control signal, and 
wherein the output of the ramp signal generator is 
coupled to the input of the control signal generator. 

2. The SMPS of claim 1, wherein the current signal simu 
lates an output signal at the output port. 

3. The SMPS of claim 1 comprising a buck converter, 
wherein the current signal simulates an output inductor cur 
rent when the output inductor current decreases. 

4. The SMPS of claim 1, wherein the output of the ramp 
signal generator is coupled to a resistor module configured to 
generate a ramp Voltage signal, and wherein the ramp Voltage 
signal is coupled to the input of the control signal generator. 

5. The SMPS of claim 1, further comprising a feedback 
circuit comprising an input and an output, wherein: 

the input of the feedback circuit is coupled to the output 
port; 

the output of the feedback circuit is coupled to the output of 
the ramp signal generator, and 
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the control signal generator further comprises a compara 
tor comprising two inputs and an output, wherein one 
input of the comparator is coupled to a reference Voltage, 
wherein the other input of the comparator is coupled to 
the output of the feedback circuit, and wherein the first 
control signal is generated in accordance with the output 
of the comparator. 

6. The SMPS of claim 1, wherein the control signal gen 
erator is configured to further generate a second control sig 
nal, and wherein the ramp signal generator comprises: 

a current Source; 
a third switch coupled between the current source and a 

Voltage terminal, wherein the third Switch comprises a 
control terminal coupled to the second control signal; 

a fourth switch coupled between the voltage terminal and a 
ground terminal, wherein the fourth Switch comprises a 
control terminal coupled to the first control signal; 

a capacitor coupled across the fourth Switch; and 
a current converter configured to convert the Voltage at the 

Voltage terminal to the current signal. 
7. The SMPS of claim 6, wherein the third switch and the 

fourth switch are metal oxide semiconductor field effect tran 
sistor (MOSFET) devices and wherein: 

the third Switch comprises a drainanda Source, wherein the 
drain of the third switch is coupled to the current source 
and the source of the third switch is coupled to the 
Voltage terminal; and 

the fourth Switch comprises a drain and a source, wherein 
the drain of the fourth switch is coupled to the voltage 
terminal and the source of the fourth switch is coupled to 
the ground terminal. 

8. The SMPS of claim 6, wherein the current converter 
comprises: 

a resistor, comprising a first end and a second end, and 
wherein the first end is coupled to the ground terminal; 

an operational amplifier, comprising two inputs and an 
output, wherein one input is coupled to the Voltage ter 
minal and the other input is coupled to the second end of 
the resistor, and 

a transistor comprising a control terminal and two output 
terminals, wherein the control terminal is coupled to the 
output of the operational amplifier, one output terminal 
of the transistor is coupled to the second end of the 
resistor and the other output terminal of the transistor is 
coupled to the output of the ramp signal generator. 

9. The SMPS of claim 8, wherein the current converter 
further comprises a current mirror, coupled between the tran 
sistor and the output of the ramp signal generator. 

10. The SMPS of claim 6 further comprising a current 
mirror coupled between a current Source of system frequency 
and the current Source of the ramp signal generator. 

11. The SMPS of claim 6, wherein the ramp signal genera 
tor further comprises an OR gate comprising two inputs and 
an output, wherein one input of the OR gate is coupled to the 
first control signal and another input of the OR gate is coupled 
to the second control signal, and wherein the output of the OR 
gate is coupled to the control terminal of the third switch. 

12. The SMPS of claim 1, wherein the first control signal is 
set ON for a predetermined period of time. 
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13. A ramp signal generator, comprising: 
a current Source; 
a first switch, configured to be controlled by a first control 

signal; 
a second Switch, configured to be controlled by a second 

control signal, wherein the first Switch is coupled 
between the current source and the second Switch, and 
wherein the second switch is coupled between the first 
Switch and a ground terminal; 

a capacitor, coupled across the second Switch; and 
a current converter, configured to convert the Voltage drop 

across the capacitor to a current signal. 
14. The controller of claim 13, wherein the first switch and 

the Second Switch are MOSFET devices. 
15. The controller of claim 13, further comprising a current 

mirror coupled between a current Source of system frequency 
and the current Source of the ramp signal generator. 

16. The controller of claim 13, wherein the current con 
Verter comprises: 

a resistor, comprising a first end and a second end, and 
wherein the first end is coupled to a ground terminal; 

an operational amplifier, comprising two inputs and an 
output, wherein one input is coupled to receive the Volt 
age drop across the capacitor, and the other input is 
coupled to the second end of the resistor; and 

a transistor, comprising a control terminal and two output 
terminals, wherein the control terminal is coupled to the 
output of the operational amplifier, one output terminal 
of the transistor is coupled to the second end of the 
resistor and the other output terminal of the transistor is 
coupled to the output of the ramp signal generator. 

17. A method of controlling a Switching-mode power Sup 
ply (SMPS), comprising: 

regulating an output voltage of the SMPS by a first control 
signal and a second control signal; 

generating a current signal according to the first control 
signal and the second control signal; 

converting the current signal into a ramp Voltage signal by 
a resistor module; and 

modulating the first control signal and the second control 
signal according to the ramp Voltage signal and an output 
feedback signal. 

18. The method of claim 17, wherein generating the current 
signal comprises: 

charging a capacitor by a current source when the first 
control signal is logic LOW and the second control 
signal is logic HIGH; 

discharging the capacitor to Zero Voltage when the first 
control signal is logic HIGH and the second control 
signal is logic LOW: 

holding on the Voltage across the capacitor when both the 
first control signal and the second control signal are 
logic LOW; and 

converting the Voltage across the capacitor into a current 
signal. 

19. The method of claim 18, wherein the current source is 
mirrored from a current source of system frequency. 

20. The method of claim 17, wherein the resistor module 
shares a feedback circuit of the SMPS, wherein the feedback 
circuit is a Voltage divider comprising two resistors, and 
wherein the ramp Voltage signal is adjusted by changing the 
two resistors with the same proportion. 
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